An interesting aspect of corruption is that its damaging effects on economic growth seem to differ significantly across countries. In large and regionally diverse countries such as China and India, rampant corruption has not slowed down growth; in many African and South American countries corrupt officials severely retard growth. We examine corruption associated with the provision of government goods and services. Corruption occurs when the government cannot raise sufficient revenues to finance the costly provision, and bribes can be regarded as user fees. With multiple officials providing the same good or service, the user fee is determined competitively and the pernicious effects of corruption are minimized. We also examine how economic agents and the central government can restrain corrupt officials.
I. Introduction
Corruption has many damaging effects in any economy, including the distortion of incentives and misallocation of resources (e.g., Shleifer and Vishny 1993) . In its worst form, corruption is essentially outright theft and robbery done on a massive scale by high-ranking government officials. Corruption is also a pervasive and persistent problem, and takes on many different forms. 1 It occurs in almost all countries, including the most developed countries, and seems very difficult to eradicate.
Despite ample evidence at micro-levels on the prevalence, scale and damaging effects of corruption, researchers generally do not find a negative and significant relation between corruption, measured by a number of indexes provided by international organizations (most notably the Corruption Perception Index, or the CPI, published by the Transparency International), and economic growth in cross-country studies (e.g., Mauro 1995; Svensson 2005) . One reason for this interesting and perhaps puzzling fact is that these indexes are imperfect measures for the multiple facets of corruption. Another reason is that the negative effects of corruption on growth differ significantly across countries. For example, in countries like China and India, rampant corruption has not slowed down growth (e.g., Allen et al. 2005 Allen et al. , 2006 ; but in many African and South American countries, its effects seem far more damaging (e.g., Fisman and Svensson 2007) .
Why does corruption occur and why is it so difficult to eradicate? How to explain the crosscountry variations on the impact of corruption? In this paper, we address these questions by focusing on corruption associated with the provision of government goods and services. We first argue that corruption arises when the government is unable to raise enough tax revenues to fund the socially optimal level of these goods and services. Hence, bribes paid to officials in charge of the 1 Extrapolating from firm and household survey data, the World Bank estimates that total bribes paid to officials around the world are about US$1 trillion per year, or 3% of world GDP (Rose-Ackerman 2004). For descriptions on the severity of corruption in individual countries, see reports from IMF, World Bank and Transparency International.
provision can be regarded as user fees to cover the costs. In this regard, we define corruption as officials receiving excessive amounts of bribes over and above the costs of supplying the socially optimal level of goods and services. In the long run, the way to eliminate corruption of this type is to raise more revenues directly through taxes.
With insufficient tax revenues in the short run, however, can anything be done to minimize the damaging effects of corruption? We next show that if the goods and services are provided in a competitive environment, so that multiple officials compete to provide the same good or service (e.g., issuing licenses for start-up businesses), then the pernicious effects of corruption can be significantly reduced. In this case, the bribe an official charges is similar to a user fee that is competitively determined (e.g., through Bertrand competition) and substitutes for taxes. As a result, the level of public goods and services provision can approach the first best (socially optimal) level.
On the other hand, when a government official is the monopolist in the provision of public goods or services, a much higher user fee will be charged, leading to a lower level of provision of the goods or services and slower economic growth.
One reason for the damaging effects of corruption is that corrupt officials try to keep their activities (including fees charged and bribes received) in secret, which leads to more distortions of incentives and resource allocations (e.g., Shleifer and Vishny 1993) . Having a competitive environment in the provision of government goods and services alleviates this problem, since each official has the incentive to disclose his fee structure (for granting the goods and services) in order to attract more clients. In Asian countries such as China, there are usually 'market' prices for government goods or services, and with transparency in pricing bribes can facilitate the provision of goods and services.
To ensure that there is competition among officials, economic agents demanding the good or services must be able to move from one provider to another (or credibly signal that they can do so)
to exploit the differences in user fees. In a more general and realistic setting with transaction costs (for switching), we show that an imperfect Bertrand competition yields an output level that is below the first best level (with perfect competition) but higher than that of monopoly. An implication of this result is that economic agents can alleviate the damaging effects of corruption through reducing their own transaction costs. For example, small firms are easier to relocate than large firms; firms operate in industries that require small scales of investment in fixed assets can also relocate at low costs. Therefore, the size and choice of assets makes it more difficult for corrupt officials in any region to extract rents from firms.
The main policy implication from our analysis is that setting up the provision of government goods and services in a competitive environment reduces the damaging effects of corruption and promotes growth. One way to implement this would be to decentralize the provision of goods and services to local government officials or agencies. A potential problem with the delegation of the provision to local officials or agencies is quality control (e.g., driving tests before issuing a driver's license), and thus monitoring may be necessary to ensure that quality is not compromised under decentralization. In large and diversified countries a competitive environment can also be created by encouraging inter-regional economic activities and lowering the costs (and bureaucracy) of relocation across regions, while in small and homogeneous countries this can be done by encouraging international trade and lowering the costs of relocation across countries. Since the total amount of bribes received by a monopolist official is much higher than a counterpart in a competitive environment, officials have an incentive to increase their monopoly power by, for example, blocking information about similar goods and services provided in other regions/countries, or by increasing the transaction costs for agents to relocate. Solving problems of this sort must involve the central government. For example, the central government can reward officials whose regions have shown the fastest economic growth and attracted the largest amount of economic activities (and investment) from non-local sources. These policies encourage inter-regional competition among officials and induce more government goods and services supplied.
Our results are broadly consistent with evidence on corruption and growth and provide new predictions. First, corruption is more likely to occur in countries whose governments have low taxing ability and tax income -most of these countries are poor and developing countries.
Researchers also find that corruption is more prevalent in developing countries or regions with higher tax rates or higher federal transfers, all of which proxy for lower government taxable income, while corruption is less prevalent where government activities are more decentralized (e.g., Fisman because of competition among officials, lack of corruption is not a necessary condition for economic growth. We also propose different degrees of competition (among officials) as the new rationale to explain cross-country (and regional) differences of corruption and growth. In addition, our model shows corruption occurs because the government cannot raise sufficient revenues to finance the provision of socially optimal levels of goods and services. Therefore, during early phrases of economic development, policies aiming at eliminating corruption of this type (e.g., through levying punishment on corrupt officials) are not likely to succeed, while policies to increase the degree of competition among officials in providing the same goods and services can be much more effective in reducing the damaging effects of corruption.
The rest of the paper is organized as follows. In Section II, we review related work and present empirical evidence on corruption, governments' taxing ability and economic growth.
Section III presents a model of corruption based on standard models of industrial organization and market power. Section IV provides model extensions and discussions, and Section V concludes.
II. Related Work and Facts about Corruption
The ideas that corruption does not necessarily slow down economic growth, and conceivably certain forms of "efficient corruption" can actually promote growth, can be traced back to at least Leff (1964) and Huntington (1968) . These authors argue that corruption is more likely to occur during periods of rapid economic and social development and modernization. 3 In our model, we take the competition among agents as given and focus on competition among officials in providing the same good or service, and show that this latter form of competition is more important in terms of reducing the damaging effects of corruption.
While Shleifer and Vishny (1993) focus on reasons why corruption can have a significantly negative impact on economic development, we focus on how competition among officials can minimize these damaging effects. Like their paper, we show that the 'industrial organization' of the provision of government goods and services is an important determinant of the effects of corruption.
Unlike their paper, we argue that the fundamental reason for the occurrence of corruption is the government's inability to collect sufficient taxes to finance the provision of goods and services, while competition among officials can yield the same outcome as the first best situation where the government has sufficient tax income. We also argue that competition among officials is a robust mechanism in dealing with corruption, even if the central government cannot monitor the process through which the goods or services are provided by local officials (e.g., officials can lie about the quantity of goods sold or the amount of money they have collected).
There Insert Tables 1 and 2 here. Table 1 lists the largest twenty economies in the world as of 2006 using both (unadjusted)
simple exchange rates and those that are based on purchasing power parity (PPP); the table also lists the top twenty economies that have the highest growth rates (GDP and per capita GDP) during the period 1990-2006. As shown in Table 3 -B below, some of the most corrupt countries (measured by the CPI and highlighted in bold) are also among the largest and fast growing economies, led by China and India. These facts reinforce our research goal that understanding how corruption affects economic growth differently across countries is an important question for the world economy and development. Table 2 taxing abilities proxied by a smaller (larger) fraction of total taxes collected by the government of GDP. These results motivate our model assumptions that the reason corruption occurs (in an emerging economy in particular) is because the government cannot raise enough tax revenues to cover the costs for providing goods and services at socially desirable levels. Tables 3-A and and there is no growth in sight. Finally, a large and regionally diversified country with rampant government corruption, Russia, has done poorly in terms of economic growth during the same time period. Our model will try to explain all of these facts about corruption and economic growth across countries.
III. A Simple Model of Government Goods and Services Provision and Corruption
We develop the simplest possible model for conveying our main message that competition among officials reduces the damaging effects of corruption. We consider a government's problem of providing a good (or service) to the public. We analyze how this can be done with different structures of supplying the good and raising funds to cover the costs associated with the production and supply. We first examine the case where the government has sufficient tax revenues to cover the costs (first best). Next, we analyze different cases where the government does not have sufficient funds to cover the costs and hence must rely on the official(s) supplying the good to raise funds themselves.
III.1 Elements of the Model and First Best Solution
We assume that the government good or service is homogeneous, in that there is no difference in quality of the good provided by different officials in different regions (of the same country or different countries). We also assume that the demand for this good among economic agents from different regions can be characterized by a downward sloping demand function. For simplicity, we assume this function to be linear, and takes on the form of P(Q) = W -aQ, where Q is the equilibrium level of the good supplied in the economy, W indicates highest possible consumer surplus (agent obtaining the good with price 0), and the parameter a ( > 0 ), indicates the sensitivity of quantity demanded when price changes. 5 We further assume that the provision of the government good is costly, and the costs can be described as ( )
, where C 0 is a constant, so that the marginal cost for producing and supplying each additional unit is MC(Q) = cQ.
With our model setup, it is straightforward to derive the First Best level of this government good, Q * . This is achieved by increasing the supply of the good until the marginal cost of supplying the last unit equals the marginal benefit of the buyer of the final unit, or
Solving for Q in (1) It is worth pointing out that the implementation of the First Best output level when the government has sufficient tax revenues requires that the minimum level of monitoring of officials supplying the good is trivial. First, the officials do not need to raise any funds (and thus have no reason to demand any bribes) to cover the costs; and second, the total amount of funds in the account and total units supplied can be easily verified.
III.2 Insufficient Tax Revenues: Monopoly vs. Perfect Bertrand Competition
Now suppose that T < G FB . For simplicity suppose T = 0. Since the government does not have sufficient funds to cover the costs of provision of the good, the official(s) actually in charge of the supply of the good must raise G FB themselves. Clearly, the most direct way to raise funds would be to charge the buyers of the goods a user fee. We assume that the monitoring of officials'
fundraising and the provision of the good is imprecise, so that the supervisor of the officials providing the good cannot differentiate the reasons why the total quantity supplied in the economy is below Q * : This can be induced by officials charging excessive fees and thus reducing demand, or because the officials lie about the amount that can be raised in the economy to cover the production/supply costs (this can be due to the fact that there is some uncertainly in the economy about how much funds can be raised for different purposes). The lack of effective monitoring implies the officials providing the good have the discretion to restrict the quantity of the good that is supplied so as to maximize their own benefits. This is our definition of corruption, with the user fees charged by officials corresponding to bribes.
Next, we examine different structures of the government goods market, focusing on the supply side while taking as given the demand for the good. We first examine the case where the provision of the good is carried out by one official so that he has monopoly power. This case can associated with the scenario that in one region there is only one government branch/office that the good can be purchased. In countries with multiple regions where the same good is supplied, this case corresponds to the situation in which it is impossible for agents from one region to move to another, so that the official in each region is a monopolist in providing the good Given the monopoly and assuming that the demand function is relatively inelastic (a >> 0), the official has an incentive to cut back the quantity supplied, raise the user fee (assuming he cannot price discriminate buyers of the good so he can only set one fee for all units) and maximize his total fees from providing the good. To do this, the monopolist official supplies the government good until the marginal cost of supplying the last unit equates that of his marginal revenue of selling the unit, which is below marginal benefit of the buyer of the final unit:
Solving for Q in (2) yields c a W Q M + = 2 , and the corresponding user fee for each unit of the government good charged by the monopolist official is given by:
Again, from standard industrial organization and market structure models, we know that the output level under monopoly, Q M , is strictly below the First Best level, Q * , derived in (1). The comparison of output levels under different structures are illustrated in Figure 1 , which also depicts the profits earned by the monopolist official as well as the deadweight loss generated by the less-than-optimal level of provision of the government good.
Insert Figure 1 here.
The profits earned by the official, net of the costs of supplying Q M to the agents in the economy, is indicated by the shaded area in Figure 1 , while the deadweight loss is indicated by the dark triangle. The size of the loss, indicated by the shaded area of the triangle, is proportional to the product of the differences in output levels (Q * -Q M ) and the profit margin (
where the last equality is derived by plugging in the expressions for Q * and Q M . Proposition 2 summarizes the results for the monopolist case.
Proposition 2 With a monopolist official providing the government good, the user fee for each unit is set at f M , resulting in a total of Q M units supplied in the economy, and Q M < Q * . The deadweight loss of the monopolist supplier is given in (4), and increases when: i) a decreases; ii) W increases; and iii) c decreases.
The comparative statics on the size of the deadweight loss are intuitive. First, a smaller slope coefficient of the demand function (a) indicates that the demand is more inelastic (insensitive to price increases) for the government good. This implies that by cutting quantity and raising the user fee the monopolist official can raise his profits more; but this also results in a larger decrease in output level as compared to the First Best level and larger welfare loss. Second, a higher W indicates higher consumer surplus from consuming the government good, and hence a greater loss if quantity of the good supplied is cut by the official. Finally, a lower marginal cost (c) in supplying the good implies that the monopolist has more to gain by raising the user fee and cutting back quantity, resulting in a greater loss for the economy.
Next suppose that the government sets up two suppliers for provision of the good (results would be very similar if there are more than two suppliers). This can occur if in any region where the good is provided there are two government branches/offices from which agents can purchase the good. This can also occur that agents can move from one region to another (to exploit differences in fees) without any costs. In either case there is competition among officials. Since in most cases the officials set and announce the user fees to all potential buyers, we assume that Bertrand competition ensues for the provision of the same good. 6 Given that there are no costs in resetting prices and that the pricing information becomes immediately known to all agents in the economy, similar to standard one-period Bertrand competition models, there is a unique Nash equilibrium in this case, where each supplier will set the user fee to be the marginal cost of supplying the last unit. But this is exactly the same condition in the First Best, indicated in (1). Hence the total units supplied in the economy is the First Best level, Q * again. Since each official is earning zero profits under Bertrand competition, it does not matter how they split the total supply between them; without loss of generality we assume each official provides exactly half of Q * . Hence Bertrand competition generates outcomes that are identical as the First Best solution in Figure 1 , and the equilibrium user fee can be found by equating the marginal cost function to the demand curve. The key for the above results is that, if the user fee set by one of the officials is higher than marginal cost of producing the last unit, by undercutting the user fee by ε the other official can capture the entire market (recall that all agents can move to another region without costs) and maximize profits, in the process of doing so also driving the demand for the official with the higher user fee to 0. Bertrand competition not only yields the First Best output level for the provision of the government good, it also requires almost no monitoring of the officials. This is because the market mechanism of competition is self-enforcing due to each official's incentive to undercut the user fee set by other officials and capture the entire market demand for the same good.
III.3 Insufficient Tax Revenues: Imperfect Bertrand Competition with Transaction Costs
In the previous subsection we considered two extreme cases of how the government good is provided. More generally, the industrial organization structure in the provision of the good lies between monopoly and perfect Bertrand competition. In this subsection, we consider imperfect
Bertrand competition, in that the agents from each region can move to another region at a constant cost K (assume that c a aW K + < 2 ). Since now agents cannot move from region to region to explore differences in user fees for free, each of the two officials has some monopoly power in setting the user fee. In particular, each official knows that, in order to capture the entire market of demand for the same government good, he must undercut the other's user fee by at least K, as any smaller cut would not attract any agents to move from the high-fee region to his region. On the other hand, if
there is room to cut the user fee by K dollars (or other monetary unit) and still left with positive profit margin, then an official will indeed cut the fee by K dollars.
Given the above intuition, it is then straightforward to show that the equilibrium pricing strategy for is to set the user fee K dollars above the marginal cost of providing the last unit:
which yields a lower total quantity supplied (with each of the two officials supplying half of the 
IV. Discussions
The premise of our model is that the reason for the occurrence of corruption is because the government does not have sufficient tax revenues to finance the provision of government goods and services (at the First Best level). Our model implies that in the short run the elimination of the pernicious effects of corruption requires setting up the provision of government services so that there is competition. In this way corruption becomes a user fee and is a substitute for lump sum taxes. In the ideal case of perfect Bertrand competition (without transaction costs), corrupt officials (by charging a user fee for the provision of the good or service) do not have any distortionary effects. In more general cases with imperfect Bertrand competition while the outcome is not First
Best, but competition among officials still yields a better outcome than having a monopolist official providing the good, which is the worst case.
An important reason for the damaging effects of corruption is the secrecy of corrupt officials' activities (including fees charged and bribes received) in secret, leading to more distortions of incentives and resource allocations (e.g., Shleifer and Vishny 1993). As shown in our model, having a competitive environment for the provision of government goods and services lessons this problem, because each official providing the goods and services has the incentive to disclose his fee structure for granting the goods and services so as to attract more clients. In Asian countries such as China, there are usually publicly known 'market' prices for government goods or services, and with such transparency bribes can 'grease the wheels' and improve the process of providing these goods and services (refs).
The results of our model are broadly consistent with evidence on corruption and growth.
First, consistent with existing research, corruption is more likely to occur in countries whose governments have low taxing ability and tax income, most of which are developing countries.
There is also evidence that corruption is more prevalent in developing countries or regions with higher tax rates or higher federal transfers, all of which proxy for lower government taxable income, The main policy implication from our analysis is that setting up the provision of government goods and services in a competitive environment reduces the damaging effects of corruption and promotes growth. In large and diversified countries this can be achieved by encouraging interregional economic activities and lowering the costs (and bureaucracy) of relocation across regions and entry barriers for firms and agents. In small and homogeneous countries this can be done by encouraging international trade and lowering the costs of relocation across countries and entry barriers in different countries. These policies are more effective in promoting economic growth in emerging countries than those intending to eliminate corruption, because the root of corruption, as our model assumes, is the lack of funding by the government to provide socially desirable levels of goods and services. This problem cannot be solved until the country's economic conditions have been significantly improved (in the long run) and the government has the ability to raise sufficient tax revenues in covering the costs of providing the goods and services. An implication of this result is that economic agents can alleviate the damaging effects of corruption through reducing their own transaction costs. For example, small firms are easier to relocate than large firms; firms operate in industries that require small scales of investment in fixed assets can also relocate at low costs.
Consistent with this prediction, in both China and India, the sectors that have witnessed the fastest growth are small-and medium-sized firms from services and labor-and technology-intensive industries (e.g., Allen et al. 2005 Allen et al. , 2006 . On the other hand, as Table 4 indicates, Russia's economy is dominated by large corporations in natural resources ("other" industry in the last column) and heavy manufacturing industries. Firms in these industries face much higher relocation costs and hence the damaging effects of corruption may be one of the reasons that economic development in post-Soviet Union era (of Russia) has been lagging behind that of many smaller former socialist countries in Eastern Europe. Further empirical studies can systematically examine the impact of corruption on different industries across countries or different regions within the same country.
We close this section by pointing out some limitations of our simple model (we also plan to extend the model to consider these questions). First, each agent may need multiple goods and services from various government offices and agencies (e.g., an entrepreneur is required to deal with numerous government offices to set up a new firm). In this situation, ensuring coordination among various officials is perhaps as important as creating a competitive environment to reduce user fees set by each official. Second, the cost structure for providing the same good or service may differ across officials, and these cost structure may be private information. The literature on defense procurement contracts has shown how to design these contracts with producers (with unknown production costs) in order to produce the desired weapons at minimum total cost. Third, our simple model implies that the central government should decentralize and delegate the provision of goods and services to local government officials. A potential problem with this delegation is quality control (e.g., driving tests before issuing a driver's license; see, e.g., Bertrand et al. (2006) for details). As shown in the literature on franchising, designing uniform and enforceable contracts across the board and monitoring the local officials effectively are necessary conditions to ensure that the quality of the goods and services provided is not compromised under decentralization.
V. Summary and Concluding Remarks
This paper proposes an explanation for the puzzling fact that rampant government corruption is not associated with slower economic growth at the country level. We focus on corruption associated with the provision of government goods and services. We first show that corruption occurs because the government cannot raise sufficient revenues to finance public projects, and the bribes received by officials can be regarded as user fees. We then argue that that the structure of the provision of government goods and services partially determines the negative effects of corruption: When multiple officials undertaking the same project, the user fee is determined competitively and the pernicious effects of corruption are minimized; when each official is a monopolist in the provision of the goods and services the damaging effects are much higher.
The main policy implication from our analysis is that setting up the provision of government goods and services in a competitive environment reduces the damaging effects of corruption and promotes growth. In large and diversified countries this can be achieved by encouraging interregional economic activities and lowering the entry barriers for firms and agents from different regions. In small and homogeneous countries this can be done by encouraging international trade and lowering the costs of relocation across countries. Economic agents can make the competition mechanism more effective by reducing their own transaction costs when moving from region to region. An implication for this result is that corruption has a smaller negative impact on small firms and firms that have smaller amount of fixed assets. Finally, the central government can also control corruption of this type by rewarding officials whose regions have shown the fastest economic growth and attracted the largest amount of economic activities from local and non-local sources.
These policies encourage inter-regional competition among officials, and are more effective in promoting growth than policies aiming at eliminating corruption considered in our paper in emerging countries. Notes: *'Foreign owned' company is a company with at least 50 percent ownership by the foreign private sector, 'local owned' company is a company with at least 50 percent ownership by the local private sector or the government. *'Small' companies are companies with 100 employees or less; 'medium' companies are those with 101 to 500 employees; 'large' companies have more than 500 employees. 
